




School of Engineering Science - Simon Fraser University
8888 University Drive
Burnaby, BC V5A 1S6
RE: ENSC 405 Project Proposal
Please find attached to this letter the Project Proposal document for the Floor General. This
reimagined basketball shooting machine aims to provide players with a dynamic, game-like
experience. Traditional shooting machines confine players to basic, preset passing patterns,
whereas our device will use a combination of motion detection and gesture recognition to adapt
to athletes’ custom workouts.
This document will detail a high level overview of the Floor General shooting machine. It will
provide a brief project overview outlining the background, scope and risk benefit analysis. The
current market along with potential competitors will also be discussed. Finally, a cost estimate
and project timeline will be provided.
Auto-Ball Enterprises’s team is made up of 6 committed senior engineering students with
backgrounds in computer engineering, electronics, and engineering physics. Our diverse
multidisciplinary team consists of Rameshwar Kannan, Karan Kakkar, Tal Kazakov, Ramish
Khan, Santhosh Nandakumar, and Simone Neufeld.
Thank you for taking the time to review our design specification document. If you have any
questions or concerns please contact our CCO, Karan Kakkar at kkakkar@sfu.ca, or contact me






Like most professional sports, basketball requires many hours of intense training. Basketball,
more than any other sport, requires translating individual talent and skills into unselfish team
play. By improving individually, players can increase their value and improve their team's
success. Despite the freakish athleticism and talent of today's athletes, basketball players who
succeed have fundamentally sound skills. Out of all the skills, undoubtedly the most important is
the ability to shoot the basketball.
Shooting the basketball is a fundamental skill requiring countless hours of practice. Current
shooting machines can pass the ball to a player but only along a pre-programmed pattern on the
court, and at preset passing intervals, which have to be set up by the user in advance. This greatly
limits the freedom of a practicing player to move around the court and shoot from their desired
shooting location.
The Floor General is a new, sensor assisted basketball shooting system that is currently under
development by Auto-Ball Enterprises. The Floor General takes the standard functionality of a
classic basketball shooting machine and enhances it through automation. The device will be able
to track a player on the basketball court and deliver a pass to the player upon command. The
development team at Auto-Ball Enterprises seeks to remove the constraints of current,
pre-programmed basketball shooting machines to better simulate a game-like experience.
The Floor General can be divided into 5 key sections. The motion detection and player tracking
system, the swivel mechanism, the launching mechanism, the shooting cue and rebounding
funnel. The motion detection and player tracking system uses a LiDar sensor to continuously
track a player’s location on the court. This data will in turn be used to drive the swiveling
mechanism to aim the launcher. Once the shooting cue signaled by the user the launcher delivers
a pass to the player’s current location. Finally the rebounding funnel will collect the shot (made
or missed) and prepare the ball for the next pass.
There exists a sizable market of basketball players who not only play the sport recreationally but
also as part of structured and league play. The target market will consist of clubs, highschool,
collegiate and professional teams, mainly in the US and Canada, looking to upgrade their
training equipment. The majority of the players on teams in the target market are at the
highschool level. They represent the largest demographic to which the Floor general will appeal
to.
Auto-Ball Enterprises is excited to present the Floor General basketball shooting machine to the
global basketball community. This machine will continue to evolve within the coming months,
by incorporating the traditional features of shooting while standing out in its modern innovation.
With the talents and sincerity of the development team, Auto-Ball Enterprises hopes to deliver a
product which can be utilized by basketball players at all level
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1 Introduction
Basketball is one of the most popular sports in the world with a following of approximately 825
million worldwide [1]. Shooting the basketball is a fundamental skill requiring many hours of
practice. Current shooting machines can pass the ball to a player but only along a
pre-programmed pattern on the court, and at preset passing intervals, which have to be set up by
the user in advance. This greatly limits the freedom of a practicing player to move around the
court and shoot from their desired shooting location.
Auto-Ball Enterprises has developed the Floor General to greatly enhance the way basketball
players train. This reimagined basketball shooting machine, featuring real-time tracking of player
position enables automatic passing of the ball to the player’s desired shooting location. The
shooting machine will track the player’s position on the court using a LiDar sensor, take a
shooting cue from the player and automatically dispense the optimal pass.
The system will be able to target players within a reasonable shooting distance (within 30 ft) and
swivel the launcher to their position. This would effectively allow players to customize their
training routines. This product will aim to maximize the training potential of private clubs,




The scope of the Floor General details the design, assembly and testing of the proof of concept
and prototype. Figure _ gives a brief overview of the product development path. The details on
the project schedule are provided in section 5 of this document.
Figure 2.1: Product Development Path
In the PoC phase the Floor General demonstrates the ability to track a single player on the court
and deliver a pass within a 7m radius from the hoop. In this phase the device is limited to launch
only a single ball and can only collect made shots.
The engineering prototype of this device will add features standard to traditional basketball
shooting machines. A funnel system made of nylon netting will be designed to capture all made
shots and the majority of missed shots. Moreover, the prototype will be able to queue up multiple
basketballs, allowing for shots to be taken in rapid succession. In addition to these standard
upgrades, the prototype will feature a signalling mechanism used to trigger when the player
would like to receive a pass.
Following the completion of the PoC, the Floor General will be tested in accordance with the
Acceptance Test Plan outlined in the Requirement Specification document [2]. Based on the
results of these tests, design improvements will be implemented in the prototype phase. Upon
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completion of the prototype, the Floor General will be put through another round of testing.
These tests will follow a protocol similar to those performed on the PoC.
2.2 System Overview
The final device will demonstrate the ability to locate a single user on a traditional basketball
court using distance and azimuthal angle. The system will consist of four sub-components: the
launcher system, the swivelling component, the motion detection and ranging system, and the
pass request signaller. The tasks performed by each component will be synchronized using a
Microprocessor.
2.2.1 Motion Detection and Ranging system
Using Lidar, real time data will be acquired and processed to compute the distance and angle to
the player. With the Lidar’s operating range of 0.5m to 12m, players can practice shooting from
all their common places which are contained in a semicircle with a radius a little larger than the
3-point line. The calculated distance and angle values to the player will be used to configure the
launching and swivelling mechanism.
2.2.2 Launching Mechanism
The launching mechanism is responsible for delivering the pass to the player. It will be mounted
atop the swivelling mechanism, allowing it to pass the ball to the player within a 180° field of
view. Integration of components such as brushed DC motor, speed controller, flywheel assembly
and launching guides will form the launching mechanism.
Figure 2.2: Device Launcher Overview
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Along with this structure will be a net coming from the basket goal into the feeding tube of the
launcher. As shown in figure 2.2.X, a net shaped funnel system will be used for collection both
made and missed shots. Ideally, the ball will always land in the funnel after a missed shot,
realistically, it is expected to land within the funnel the majority of the time.
Figure: 2.3: Funnel shaped net to capture missed shots [6]
2.2.3 Swivelling Mechanism
The launching mechanism and supporting structures must be able to swivel about the vertical
axis to be in-line with the player before initiating the pass. This swiveling action will be
performed by the swivel mechanism which consists of lazy susan swivel, servo motor, rotating
platform and stationary base. An exploded view of swivel mechanism is shown in fig 2.2.X
Figure 2.4: Exploded view of swivel mechanism
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2.2.4 Request/Pass Mechanism
The user will be able to interact with a machine using a remote clicker. An RF remote clicker
will be tuned to a certain frequency to send a signal to a receiver module located in the machine.
The microcontroller will process the received signal and trigger the launching mechanism to pass
the ball.
2.3 Risks
With the low powered motors and electronics, there are very few safety hazards that are posed to
the end users or designers of the device. One of the safety risks foreseen during the device design
process is the process of drilling, bending, and welding metal aluminum to create the launcher
component framing. The team at Autoball Enterprises is taking all measures and steps to ensure
that only properly trained members will be engaging in this part of the manufacturing process.
For the end users, Autoball Enterprises has ensured that all cabling, wiring and open electronics
are properly insulated and protected when creating the Floor General Device. However, any
incorrect measurement from the lidar will trigger the launching and swivelling mechanism. The
base of the motor will rotate but the ball will not be passed to the player as a user input is
required. As a preset training mode does not require user signal, the basketball might be
launched in this scenario. The occurrence of this situation is very low as the device goes through
multiple repeatability tests during the development phase. Before launching a ball multiple
distance measurements around the desired angle are taken to ensure an object has not gotten in
the ball’s trajectory closer than expected. If an object is detected closer than expected the ball
will not be launched and the user will have to request another ball. The Floor General cannot
check if balls are not fully pumped to the required pressure and the deflated balls will have
unknown trajectories which could hit another player elsewhere on the court. In short, the team at
Autoball Enterprises has enforced a risk management process to confidently minimize any risks
to both the designers and users.
Figure 2.5: Risk Management Plan Overview
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2.4 Benefits
The proposed product will redefine the current market for basketball shooting machines as there
are no other devices that encapsulate the functions of the Floor General. Floor General’s feature
to continuously track players and pass the ball provides a competitive edge over similar products
available in the market. This effective method of training offered by Floor General will help
players to perform better in basketball games.
Another benefit of the product would be its affordability. The low cost of the portable machine
with added functionality will attract customers ranging from high school to professional
basketball players. As Floor General comprises multiple sub-systems, any damaged component
will be easily replaceable at a lower cost. Moreover, all the primary components of the device
can be reused to prevent the wastage of resources.
The niche feature of using sensors and a microcontroller to provide a game-like feel when it
comes to training basketball will outweigh the miniscule risks associated with designing such a
device. In terms of the stakeholders and users, the device will provide mutual benefits relating to
pricing, marketability and exclusive features. Due to the already existing large target market for
basketball shooting machines, the revolutionized technology of the Floor General will market
itself; providing significant quantifiable improvements in basketball training productivity,
resulting in the market adopting the product.
3 Market Analysis
Autoball Enterprise will mainly target private clubs, highschool, collegiate and professional
teams in the US and Canada looking to invest in training aids to gain an edge over their
competition. However, single users looking to enhance their shooting training can also invest in
the Floor General as it was designed with affordability in mind.
3.1 US - Canada Market
The US-Canada basketball market is dominated by athletes in the US. Afterall, 11% of
Americans cite basketball as their favourite sport with approximately 26 million active players
[2].
According to Sporting Goods Manufacturers Association’s research on “US Trends in Team
Sports” approximately 5.8 million athletes play basketball on a school or college team [3].
However, a thorough analysis of the market requires data on engagement in the sport at various
levels of play ranging from high-school to professional leagues. A detailed breakdown of
engagement numbers at various levels from the SGMA study were not available as the study
6
needs to be purchased. To assess the distribution of players at various levels a NCAA study on
the college athletes was referenced [4].
Table 3.1 below shows the estimated number of basketball players in the US at each level as
estimated by the NCAA study. Note, the total number of estimated participants by the NCAA
study is approximately 1 million compared to the 5.8 million number cited by the SGMA. This
difference is likely due to the NCAA study only including colleges and schools affiliated with
the NCAA. Nonetheless, the breakdown of participants at each level clearly indicates a
significant portion of basketball teams are at the high school level, as one would expect. Players
in private clubs were not accounted for in the table as the majority of players in private clubs are






Table 3.1: Basketball Engagement in the US at various Levels [3],[4]
As for the Canadian market, the basketball engagement at each level can be estimated at 10%
that of corresponding levels in the US since Canada has a tenth of the population of the US and a
similar level of engagement in the sport. Therefore, excluding individual owners, the Floor
General can provide a meaningful upgrade for 1 million players or approximately 40,000 teams
across Canada and the US.
Of course, each team will have vastly different resources which will affect their desire and ability
to purchase a dedicated shooting machine. For instance, high-school teams with limited
resources may not be able to justify the need for a new shooting machine or an upgrade to
existing shooting machines. Whereas, collegiate and professional teams typically have several
shooting machines at their disposal. However, professional teams make up a small percentage of
the total player base. Therefore, keeping the Floor General affordable will be key to make it
accessible to high-school teams which represent the largest demographic interested in procuring
a new shooting machine.
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3.2 Global Market
The international basketball federation (FIBA) estimates a combined 450 million active players
worldwide [6]. Countries like China and the Philippines have the largest following outside of
North America [7].
However, when it comes to structured play at the highschool, and even collegiate level, North
America likely presents the largest market for prospective teams to invest in a shooting machine.
The lack of easily accessible information on basketball engagement in the rest of the world
suggests this possibility. As such, due to an estimated low structured/league play in the rest of the
world, Autoball Enterprises will primarily appeal to highschool and collegiate teams in the US
and Canada.
3.3 Competition
Currently, there exist two major companies which compete against the Floor General for
basketball shooting machines, namely Dr.Dish and Shoot-A-Way. Both companies only
showcase traditional shooting machines, as shown in Figure 3.1, unlike the Floor General.
Figure 3.1: Dr. Dish and Shoot-A-Way [8], [9]
The Floor general will be a viable purchase for high school, collegiate and professional teams
looking to invest in a new shooting machine. Collegiate and professional teams may benefit the
most by replacing their existing machines with the Floor General due to the competition at those
levels. However, high-school teams may not be able to justify the purchase of the Floor General
if they are already in possession of a shooting machine as the benefits at that level may not
outweigh the cost.
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4 Project Costs and Funding
Auto-Ball Enterprises would not be able to operate without proper funding, we have kept
detailed records of all expenses to date and have compiled a non-exhaustive list of projected
future expenses for the prototype and final product stages of the Floor General. There are
multiple sources to provide the required funding for us, which we will be taking advantage of.
4.1 Budget Estimation
To estimate the budget for the Floor General, current expenses and expected future expenses
have been noted. Table 4.1 lists all previous expenses we have incurred, along with the phase
these items will be used for and the price.
Description of Item(s) Phase Price (CAD)
Two DC Motors for Ball Launching POC, Prototype 197.00
Dual Motor Driver for Ball Launching Motor POC, Prototype 183.36
Servo Motor and Turntable for Swivel Mechanism POC, Prototype 154.17
RP LiDAR for Motion Sensing POC, Prototype 163.32
Power Supply to Power Motors and RP LiDAR POC, Prototype 106.39
Two Power Supply Breakout Board Modules POC, Prototype 36.38
Various Electronic Components (Power Resistors, Wires,
Rosin Flux, etc.)
POC, Prototype 83.52
Wheels and Axle for Launching Mechanism POC 27.97
Couplers for DC Motor POC, Prototype 5.14
Various Hardware Components (Screws, Wood
Two-by-Four, Particle Board, etc.)
POC, Prototype 132.39
Total 1,089.64
Table 4.1: Expenses to Date
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The future expenses, in table 4.2 below, are an estimate of what we plan to purchase in the
coming months for our prototype as well as our final product.
Description of Item(s) Phase Price (CAD)
Upgraded Tires for Launching Mechanism Prototype, Final Product 24.62
3D Printing Prototype 100.00
Various Electronic Components (Wires, etc.) Prototype 50.00
Floor General Housing Final Product 100.00
Total 274.62
Table 4.2: Projected Future Expenses
The grand total to develop the Floor General from proof-of-concept to final product is $1,364.26.
4.2 Project Funding
Currently all funding for parts has come from the team. In the future, there are two mains sources
funding available, these include the Engineering Science Student Endowment Fund (ESSEF) and
the Wighton Engineering Development Fund.
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5 Project Planning
The Floor General will consist of a three phase of design, with a separate prototype completed at
the end of each phase. Table 5.1 below identifies the deliverables at each stage.
Stage Development Stage
I Proof of Concept
II Prototype
III Final Product
Table 5.1: Design Phases
Phase I will be completed in the duration of Spring 2021 semester in ENSC 405W. At this
juncture a proof-of-concept will demonstrate the efficacy of the device and show basic
functionality. This includes:
● The motion detection system must be able to track a player’s position within a semicircle
with a minimum radius of 7m
● The swivelling mechanism must be able to receive angular data from the motion
detection system and be able to rotate to any angular position between 0 - 180° in the
horizontal plane.
● The launching mechanism must be able to launch a full size 7 (22 oz) basketball to any
point within a 7m radius
Phase II of the design will be completed in the following semester during ENSC 440. At this
juncture a prototype will be completed. This prototype will add a shooting cue feature as well as
more common components seen in traditional basketball shooting machines. This will include:
● The shooting cue must be able to initiate the launching system to pass the basketball
● The system should be able to hold up to 4 basketballs and pass them upon player request
● The machine should be easy to transport
● The machine should be able to retrieve made and missed shots
Phase III of the Floor General design will be finished after the completion of ENSC 440. The
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main features new to the final prototype will include improving aesthetics and adding
enhancements to the user interface to make it comparable to existing basketball shooting
machines.
Figures 5.1 outlines the schedule for the Floor General over the first phase of the design. Bolded
headings highlight important project milestones, while subheadings beneath the milestones
represent the tasks that were completed along the way.
Figure 5.1: Project Schedule Gantt Chart with Milestones
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6 Company Details
Formed on January 8th, 2021, Autoball Enterprises aimed to develop a modern basketball
shooting machine to revolutionize the concept of self training in the sport. With the knowledge
and experience of the team members, the Floor General hopes to generate global interest due to
its innovative solution. It will allow the users to shoot the basketball from various positions on
the court, a feature that is unique to the Floor General.
6.1 Meet the Team
Rameshwar Kannan - CEO (Chief Executive Officer)
Rameshwar is a fifth year Engineering Science student specializing in
Electronics Engineering. His experience gained through internships
and course projects will help the team in designing and debugging
hardware and software systems. Outside of Engineering, he has
interests in reading books, exploring new places and playing strategy
games.
Karan Kakkar - CCO (Chief Communications Officer)
Karan is a fifth year Engineering Physics student specializing in
microelectronics and communication systems. In addition, he has
knowledge about a wide range of topics in physics such as mechanics,
thermodynamics and electricity and magnetism. Like other members
of the team, Karan loves the game of basketball. He plays it
recreationally and follows it closely. Outside of school, Karan has a
passion for topics in aerospace and history. His knowledge of core
physical concepts and experience of testing electronics in the industry
has proven to be an asset for the company in developing the Floor
General.
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Tal Kazakov - CIO (Chief Information Officer)
Tal is currently studying within the Engineering Science Program at
Simon Fraser University with a strong passion in database computing
and machine learning. He has experience working in several industries
and has performed various tests during his internship at the
Government of Canada. He enjoys playing basketball, tennis and long
walks to the beach. His knowledge with computers and hands-on
experience is being utilized in the development of the state of the art
Floor General at Autoball Enterprises.
Ramish Khan - CTO (Chief Technical Officer)
Ramish is in his final year of Computer Engineering in the
Engineering Science department at Simon Fraser University. He has
experience with microcontrollers and testing and correcting software
bugs through various side projects and previous internships. In his
spare time, he enjoys going on hikes through nature and improving his
chess gameplay. His hands-on experience of integrating components
will reduce time spent debugging issues allowing the team to work on
core features.
Santhosh Nandakumar - CSO (Chief Science Officer)
Santhosh is a fifth year biomedical engineering student with a passion
for the medical device industry. He has experience working with
various electronics through his course projects and internships. He has
performed product testing and also been exposed to writing and
testing software. In his free time, Santhosh enjoys playing and
watching basketball. His knowledge of electronics and product testing
along with his interest in basketball will guide Auto-Ball Enterprises
in the development of the Floor General shooting machine.
Simone Neufeld - CDO (Chief Design Officer)
Simone is in her fifth year of engineering physics at Simon Fraser
University. She has industry experience in 3D CAD modelling and 3D
printing and is currently working with the Women in Engineering
Design Team at SFU. She also has experience designing a
proof-of-concept medical device for the industry. Outside of school
and work, her interests include art, pottery, sewing, and hiking.
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7 Conclusion
Basketball is a globally known sport which has been taken up by athletes of all ages and skill
levels. Shooting the basketball is the most fundamental and desirable skill requiring countless
hours of practice to develop. Current shooting machines can pass the ball to a player but only to
pre-set locations on the court. With the current constraints of todays’ basketball shooting
machines, the engineers of Auto-Ball Enterprises have been inspired to deliver a product that
will improve the way basketball players train. The Floor General will provide its users a
game-immersive training experience that allows for game-like movements.
This document provides an outline of the Floor General shooting machine in its entirety. A
complete system overview discussing key design aspects along with risks and benefits are given.
The current market for basketball shooting machines has been examined, showing that there is a
global market but no comparable product to the Floor General. The document also outlines a cost
analysis showing the cost of development to be lower than current devices on the market.
Finally, project planning is discussed and a tentative project schedule is laid out.
The diverse and talented engineers at Auto-Ball Enterprises hope to bring a contemporary
solution to the basketball world through the Floor General shooting machine. The Floor General
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